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(54) Ultrasonic motor and electronic appliance having same 



(57) An ultrasonic motor is provided that is improved 
in reliability of a self-osciliator circuit constituted by the 
ultrasonic motor itself and high in efficiency. In a case 
of driving with one standing wave, the resonant point of 
a vibration mode used for driving is made lower than a 



resonant point of another vibration mode that is same 
in form as this vibration rrKxJe but different In node po- 
sition. Furthermore, oscillation is caused between two 
resonant points. Where using two standing waves, os- 
cillation Is caused at a higher frequency than any of the 
two resonant points 
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Description 

[0001] The present invention relates generally to an 
ultrasonic motor having a vibrator having a piezoelectric 
element to vibrate for f rictionally driving a moving mem- 
ber, and to an electronic appliance using such an ultra- 
sonic motor More particularly, the invention relates to 
an ultrasonic motor to be driven through self-oscillation 
by utilizing the ultrasonic motor as a vibrator. 
[0002] In recent years, attention has been drawn to 
ultrasonic motors being used as actuators based on a 
new principle in various electronic appliances. Their ap- 
plications have been attempted for camera auto-focus 
drive and other various fields. The ultrasonic motor gen- 
erally adopts a separately excited drive scheme involv- 
ing a frequency signal, created by an external oscillator 
circuit, which is applied to a piezoelectric element, to 
cause oscillation mode on a vibrator having the piezoe- 
lectric element. However, the separately excited drive 
scheme has the disadvantage of a complicated circuit 
configuration. In place of the separately excited drive 
scheme, a self-oscillation drive scheme has been tried 
and placed into practical use. In this case, an ultrasonic 
motor is utilized as a vibrator to cause oscillation due to 
resonance of the vibrator. The utilization of such a circuit 
contributes to size reduction and simplification of the cir- 
cuit and ultimately reducing the size and cost for an ap- 
paratus on which a drive circuit is to be mounted. 
[0003] However, the self -oscillation drive scheme in- 
volves anxiety which is often encountered because of 
unstable oscillation despite its feature of circuit size re- 
duction and simplication, through the use of a reduced 
number of components. The self-oscillator circuit struc- 
turally utilizes the resonance of a vibrator as a mechan- 
ical filter, thereby amplifying only a particular frequency 
of signals for sustaining oscillation. However, the vibra- 
tor has a plurality of natural oscillation frequencies ex- 
isting thereon. This might result in a fear of abnormal 
oscillation, which oscillation occurs at a resonant point 
including a different vibration mode from a target vibra- 
tion mode. Such abnormal oscillation is ready to occur 
where other vibration modes are present in the vicinity 
of the target vibration mode. Meanwhile, the perform- 
ance of an ultrasonic motor, such as rotation speed and 
torque, is largely dependent upon the drive frequency. 
For the self-oscillation drive scheme, the frequency Is 
given by oscillation caused due to the vibrator and circuit 
with circuit elements. This results in the possibility that 
the frequency will be changed and hence a change in 
motor performance. Particularly, where self-oscillation 
driving is caused by utilizing a plurality of different vibra- 
tion modes, the overall or overlapped resonant charac- 
teristic is complicated and ready to cause oscillation fre- 
quency change and hence abnormal oscillation be- 
cause of differences in resonant frequency and charac- 
teristics between the different vibration modes. 
[0004] According to the present invention, there Is 
provided an ultrasonic motor having a vibrator having a 
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piezoelectric element to be vibrated to fractionally drive 
a moving member, the ultrasonic motor is characterised 
in that: 

5 the vibrator has a first resonant point, and 

a second resonant point that is same in form as vi- 
bration mode to occur oh the vibrator as the first res- 
onant point but different in position of a node, 
wherein the second resonant point is higher in res- 

10 onant frequency than the first resonant point. 

[0005] The present invention relates to drive in an ul- 
trasonic motor by a self-oscillation drive circuit. In se- 
curing oscillation stability, self -oscillation is caused us- 
75 ing a frequency range in which one only is operable of 
a plurality of resonant points. For example, where an 
unwanted resonant point exits in the vicinity of a target 
resonant point, the unwanted resonant point is raised 
higher than a resonant point possessed by a vibration 
mode to be used to operate the ultrasonic motor. Due 
to this, the affect of unwanted vibration mode is sup- 
pressed as low as possible. Furthermore, self-oscilla- 
tion is caused using a frequency range where phase 
change occurs only at the target resonant point. Partic- 
ularly where a second resonant point exists between a 
first resonant point and an anti-resonant point thereof, 
resonance is caused between the first resonant point 
and the second resonant point. Meanwhile, where the 
ultrasonic motor is driven using a plurality of different 
resonant points, self-oscillation driving is made at a 
higher frequency than any of these resonant points. 

Fig. 1 is a figure showing a frequency vs. admit- 
tance characteristic of a vibrator of an ultrasonic 
motor of the present invention; 
Fig. 2 is a sectional view showing a structure of an 
ultrasonic nrxDlor of the invention; 
Figs. 3A to 3D are figures showing a driving princi- 
ple of the ultrasonic motor of the invention; 
Fig. 4 is a figure showing an example of a drive cir- 
cuit of the ultrasonic motor of the invention; 
Fig. 5 is a figure showing another example of a drive 
circuit of the ultrasonic motor of the invention; 
Figs. 6A to 6C are figures showing another driving 
principle of the ultrasonic motor of the Invention; 
Fig. 7 is a figure showing another example of a fre- 
quency vs. admittance characteristic of a vibrator of 
an ultrasonic motor of the invention; 
Fig. 8 is a figure showing a frequency vs. admit- 
tance characteristic of a vibrator for explaining an 
effect of the ultrasonic motor of the present; 
Fig. 9 is a figure showing a driving principle in a case 
that a rectangular plate vibrator is used in the ultra- 
sonic motor of the invention; and 
Fig. 10 is a block diagram showing an example that 
the ultrasonic motor of the invention is applied to an 
electronic appliance. 
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[0006] Embodiments to which the present invention is 
applied will be described in detail with reference to Fig 

1 to Fig. 9. 

[0007] Referring to Fig. 1 , a frequency vs. admittance 
characteristic is shown to explain the oscillation fre- 
quency of an ultrasonic motor to which the invention is 

applied. 

[0008] Fig 2 depicts a structure of the ultrasonic mo- 
tor 3 as an embodiment of the invention, while Fig. 3 
Illustrates an operating principle of the ultrasonic motor 
3. First explained is an operating principle of a ultrasonic 
motor according to the invention. In Fig. 2, an vibrator 6 
in a disk form is supported on a center shaft 10 having 
a center fixed by a support plate 9. The vibrator 6 has a 
first surface bonded with a piezoelectric element 7 and 
a second surface provided with protrusions 6a to mag- 
nify vibration displacement of the vibrator 6 and give a 
rotational force to a moving member 8. The moving 
member 8 has at a center, a bearing 5 having a center 
guided by the center shaft 10. The bearing 5 has an In- 
ner race pressurized by a spring member 4 to provide 
a contact pressure between the protrusions 6a of the 
vibrator 6 and a friction member 8b of the moving mem- 
ber 8. Vibration waves caused on the vibrator 6 due to 
a piezoelectric effect of the piezoelectric element 7 arc 
converted into a rotational force to the moving member 
8 through a friction force. 

[0009] Figs. 3A to 3D shows a detailed operating prin- 
ciple. The piezoelectric element 7 bonded on the piezo- 
electric element 6 is clrcumferentially divided by a quar- 
ter wavelength so that polarization can be made in al- 
ternate directions. Electrode patterns are alternately 
electrically shorted to constitute two groups of electrode 
patterns shown respective of which are shown by 
hatched areas 12a and non-hatched areas 1 2b. The vi- 
brator and the piezoelectric element are bonded togeth- 
er such that the protrusions 6a of the vibrator 6 position 
just on respective boundaries of an electrode pattern. 
An electrode 12c is provided entirely on the bonding sur- 
face. 

[0010] When a signal with a predetermined frequency 
is applied to the pattern group 1 2a, a standing wave Is 

caused on the vibrator 6 as shown in Fig. 3C. Thereup- 
on, the projections 6a raised incline to nght to cause the 
moving member 8 in contact therewith to move right- 
ward The application of a signal to the non-hatched pat- 
tern group 1 2b causes a standing wave as shown in Fig. 
3D, moving the moving member leftward this time. 
[0011] The use of the piezoelectric element 7 of the 
present embodiment causes a standing wave having 
circumferentially three waves, Because the number of 
radial nodes differs depending on a frequency, the pro- 
jections 6a are preferably provided at points where the 
amplitude is maximum with respect to a radial direction 
in an oscillated vibration mode. 

[001 2] Fig. 4 shows a drive circuit 1 3 to the ultrasonic 
motor using a Colpitis self -oscillator circuit The Colpitts 
oscillating circuit constitutes an oscillator circuit by utili- 



zation that the piezoelectric element 7 assumes induc- 
tion at points between a resonant point and a non-res- 
onant point. 

[0013] Two buffers 16a and 16b are respectively con- 
s nected to the two electrode pattern groups 1 2a and 1 2b 
of the piezoelectric element 7 in an independent fashion. 
The vibrator 6 bonded with the piezoelectric element 7 
and the two capacitors 18 and 19 cooperatively form a 
resonator circuit. An inverter 15a and resistance 14a 
10 forms an inversion amplifier circuit to invert and amplify 
a signal from the resonator circuit and sends it back to 
the resonator circuit, thereby sustaining oscillation. 
[0014] Here, the inverter 15a and the two buffers 16a 
and 1 6b are in a tri-state configuration which can provide 
IS a high impedance state, i.e. off output signal on an out- 
put terminal depending on a signal input to a control ter- 
minal. 

[001 5] For example, turning off an output signal of any 
one buffer 16a or 16b enables switching rotation of be- 

20 iween normal and reverse. Stop occurs by turning off an 
output signal of the inverter 15a or two buffers 16a and 
16b (high impedance on the output terminal). 
[0016] In the meanwhile, as shown above, the ultra- 
sonic motor of the invention is driven by one standing 

2S wave. It is often a case that, in a vicinity of a resonant 
mode contributing to driving, other vibration modes oc- 
cur that give no contribution to driving regardless of a 
magnitude of an oscillation force. This in many cases is 
due to a vibration mode having a same form as a vibra- 

30 tion mode contributing to driving but different in node 
position with respect to the circumferential direction. 
[0017] For example, if a drive signal Is applied to the 
electrode pattern group 12a to cause a vibration mode 
as in Fig. 3C, there is often a case that a vibration mode 

35 be caused as in Fig. 3D wherein in a vicinity of a reso- 
nant point, a resonant point be caused orthogonal to that 
vibration mode (with phase deviation by 90 degrees in 
position). This unwanted vibration mode varies in mag- 
nitude and frequency depending on a vibration mode 

40 used, electrode pattern on the piezoelectric element 7, 
shape of the vibrator, and so on. Particularly for a vibra- 
tor shape as in the present embodiment, the magnitude 
and resonant frequency of unwanted vibration is greatly 
affected by the shape of vibrator disk and protrusions 

45 6a. If the bending moment at the protrusion 6a has a 
natural oscillation frequency approaching a natural os- 
cillation frequency of target vibration, the unwanted vi- 
bration mode increases. Accordingly, the protrusions 6a 
must be set in height and width with attention paid to 

50 those factors. By optimizing these design parameters, 
the resonant point for such an unwanted vibration mode 
is Increased higher than a resonant point of a target vi- 
bration mode For example, as shown In Fig. 3 the elec- 
trode pattern on the piezoelectric element 7 is optimized 

55 to reduce an oscillation force of an unwanted vibration 
mode, i.e. admittance and electromechanical coupling 
coefficient, smaller than those of the target vibration 
mode. This suppresses the amplitude of an unwanted 
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vibration mode and facilitates self-oscillation in a target 
mode Also, adjustment is made on values of the ele- 
ments forming the filter, such as capacitors 18 and 19 
and resistance 17a, in order for causing oscillation be- 
tween a resonant point of a target vibration mode and a 
resonant point of an unwanted vibration mode, thereby 
setting an oscillation frequency to stably oscillate at the 
target vibration mode. 

[001 8] At a higher frequency than a resonant point as 
a boundary, the mechanical amplitude of vibrator 6 grad- 
ually decreases. At a lower frequency than the resonant 
point, it greatly decreases and the affect of vibration 
mode becomes extremely small. Particular also from a 
hysteresis characteristic, unique to piezoelectric, the 
mechanical amplitude decrease is abrupt at a lower fre- 
quency than the resonant point. Accordingly, by optimiz- 
ing structural design parameters for the ultrasonic motor 
3 as shown above, as shown In Fig. 1 a second resonant 
point where an unwanted vibration mode will occur is 
made higher than a first resonant point where a target 
vibration mode Is to be caused. Furthermore, by opti- 
mizing a circuit constant, a self-osc illation is caused be- 
tween the resonant point for causing a target vibration 
mode and the second resonant point for an unwanted 
vibration mode, particularly in a region 100 where the 
phase is greatly inverted. This provides stable oscilla- 
tion and realizes an untrasonic motor which is extremely 
low in affect of an unwanted mode and stable in opera- 
tion and high in efficiency. 

[0019] The explanation was herein made on the ex- 
ample utilizing the Colpitis oscillator circuit as a self-os- 
cillator circuit. Alternatively, a vibration feed-back type 
oscillator circuit may be used as shown in Fig. 5 wherein 
a detection electrode 12d is provided separately from 
the drive electrode 12a or 12b to feed back a detection 
signal to the drive electrode 12a or 12b through amplifier 
circuits 14b, 15b and 14c, 15c thereby sustaining oscil- 
lation. Also, the ultrasonic motor 3 is not limited In struc- 
ture or driving principle to the one shown herein. That 
is. the invention is applicable for a case that a resonant 
point not contributing to driving exists in the vicinity of a 
resonant point having a resonant mode contributing to 
driving the ultrasonic motor 3. 

[0020] In resonance, self-oscillation is easy to occur 
where admittance and electromechanical coupling co- 
efficient are both high. Particularly where admittance is 
high, a large detection signal is obtained from a detec- 
tion electrode in a self-oscillator circuit of a vibration 
feed-back type as shown in Fig. 5, facilitating oscillation. 
Meanwhile, where electromechanical coupling coeffi- 
cient is hi0i, it is possible to obtain a wide frequency 
range 100 that the piezoelectric element 7 is inductive 
thus facilitating oscillation in a Colpitts self-oscillator cir- 
cuit as was shown in Fig. 4 and enabling oscillation over 
a wide frequency range. 

[0021] Figs. 6A to 6C shows a driving principle of an 
ultrasonic motor of another embodiment according to 
the invention. This ultrasonic motor is basically the same 



in basic structure as that described before. 
Two piezoelectric elements 7c and 7d herein are bond- 
ed together as shown in Fig. 6A which are different in 
polarization direction at an interval for example of a half 
s wavelength. In one element, the hatched part and the 
non-hatched part are opposite in polarization direction 
with respect to a thickness direction. That is, bonding is 
made such that the protrusions 6a are positioned at a 
center of each polarization region for one piezoelectric 

10 element 7c and at a boundary of adjacent polarization 
regions for the other piezoelectric element 7d. Herein, 
the application of a voltage signal with a predetermined 
frequency to the piezoelectric element 7c causes a vi- 
bration mode 400 to vertically vibrate the protrusions 6a. 

IS If a voltage signal with a predetermined frequency is ap- 
plied to the piezoelectric element 7d, a vibration mode 
500 is caused to vibrate the protrusions left and right. 
Consequently, if the piezoelectric elements 7c and 7d 
are applied with respective voltage signals, two vibration 

20 components 400, 500 are combined to move the moving 
member 8 rightward as shown by the arrow in Fig 6B. 
Next, the piezoelectric elements 7c and 7d are applied 
with voltage signals different in phase for example by 
180 degrees, two vibration components 400 and 600 are 

25 combined thereby moving the moving member leftward 
as shown by the arrow in Fig. 6C. 
[0022] In the case that two vibration modes are uti- 
lized to structure a motor in this manner, a difference 
occurs not a little between the two vibration resonant 

30 frequencies. The resonant frequency varies depending 
on a shape of the vibrator 6, an electrode pattern on the 
piezoelectric element 7 and the like. In the case that the 
ultrasonic motor is driven by s e If hdsc illation in this man- 
ner, these design parameters are optimized to bring 

35 these two resonant points 22 and 23 as cbse as possi- 
ble as shown in Fig. 7. Furthermore, the circuit constant 
of a self-oscillator circuit is adjusted for self-oscillation 
at a higher frequency than the two resonant points 22 
and 23. 

40 [0023] Although the ultrasonic motor shown in the 
present embodiment utilizes two vibration components, 
displacement abruptly decreases at a low frequency 
than the resonant point as was shown before. 
[0024] Meanwhile, hysteresis occurs in the vicinity of 

45 the resonant point. Accordingly, self-osc illation if caused 
at a higher frequency than the two resonant points 22 
and 23 makes possible to effectively utilize two vibration 
modes and hence realize an ultrasonic motor high in ef- 
ficiency, stable in oscillation and high in reliability. The 

so oscillator circuit requires a large circuit loop gain and 
phase rotation being in a multiple of 360 degrees. As 
shown In Fig. 7 by reducing a frequency difference be- 
tween the two vibration resonant points 22 and 23 small- 
er than a frequency difference between a higher reso- 

55 nant point 23 and an anti-resonant point thereof, the re- 
gion 200 where phase greatly changes (about 180 de- 
grees) broadens. This enables stable self -oscillation, 
widens a variable range of oscillation frequency and fa- 
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cilitating to adjust or change motor characteristics such 
as rotation speed This is particularly effective for the 
case of utilizing a Colpitis oscillator circuit as was shown 
in Fig. 4, because the electric characteristic of piezoe- 
lectric element 7 becomes inductive and oscillation fre- s 
quency has a difference 200 between a resonant point 
that phase changes by 1 80 degrees and an anti-reso- 
nant point. Fig 8 shows an admittance characteristic for 
a case that two resonant points are conversely distant. 
In this manner two resonances are separated and a 
phase-inverting region is completely separated into two. 
Accordingly, particularly where utilizing a Colpitts oscil- 
lator circuit, it oscillation is caused at a lower one ot the 
resonant frequencies, any one of the vibration modes 
can only be utilized, thus reducing the efficiency of the ^5 
ultrasonic motor 3. 

[0025] The example using the piezoelectric element 
structure as in Fig. 6 was herein shown on the case of 
using the two vibration modes. However, the invention 
is not limited to this. Further, the motor structure is not 
limited to this. For example, it is also possible to use one 
as shown in Fig. 9 utilizing a resultant vibration 900 of 
expansion vibration 700 and bending vibration 800 on 
a rectangular plate. Herein, a drive signal is applied to 
a piezoelectric clement 7e polarized in a same thickness 2S 
direction P throughout a surface and having an elec- 
trode 1 2h over the entire surface thereof to provide ex- 
pansion vibration 700. Further, a piezoelectric element 
7f having four-divided electrodes 12i, 12j, 12k and 121 
on at least one surface and polarized in a same thick- 50 
ness direction throughout a surface so that a signal can 
be applied only to the diagonally-positioned electrodes 
12i, 121 or 12j, 12k to principally cause bending vibra- 
tion BOO. 

[0026] Furthermore, in a case of using vibration 400 35 
and 700 having displacement in a contact pressure di- 
rection of the moving member 8 and vibrator 6 as were 
shown in the above two examples, a resonant point of 
that vibration is positioned at the resonant point 23 high- 
er in frequency ot the two resonant points 22 and 23 of 40 
Fig. 7 This makes it possible to produce a reacting force 
against an application force by the moving member 8, 
generating a large torque. 

[0027] Fig. 10 shows a block diagram ot a further em- 
bodiment wherein the ultrasonic motor of the invention 4S 
is applied to an electronic appliance. 
[0028] The present electronic appliance is character- 
ized by having a vibrator 6 as described before, a mov- 
ing member 8 to be driven by the vibrator 6. pressurizing 
means 4 for applying a contact pressure to the moving so 
member 8 and vibrator 6, a transmission mechanism 26 
for interacting with and moving the moving member 8, 
and an output mechanism 27 to move based on the 
movement of transmission mechanism 26. 
[0029] The transmission mechanism 26 herein uses, ss 
for example, a transmission wheel, such as a gear or 
friction wheel. A direct output mechanism may be pro- 
vided with the transmission mechanism 26 omitted. The 



output mechanism 27 uses, for example, for a indicator 
device or electronic timepiece a pointer, a pointer drive 
mechanism, display board such as of a calendar, or a 
display board drive mechanism, for a copier or printer a 
mirror for changing laser direction, for a camera or video 
camera a shutter drive mechanism, an aperture drive 
mechanism, a lens drive mechanism, a film winding 
mechanism or the like, for a measuring instrument or 
manufacture equipment or sensor utilizing laser or light 
a slit sheet or filter to shade, transmit light or pass a par- 
ticular wavelength of light, for an acoustic device volume 
control or the like a contact mechanism or gap plate to 
vary a resistance or capacitance value, and for a hard 
disk or optical disk a pick-up drive mechanism. 
[0030] Meanwhile, if an output shaft is mounted on the 
moving member 8 to provide a structure having a power 
transmission mechanism to transmit torque through the 
output shaft, a drive mechanism can be realized by the 
ultrasonic motor itself. 

[0031] As discussed above, the use of the ultrasonic 
motor for a drive source of an electronic appliance 
makes possible reduction of apparatus size and power 
consumption, improvement of responsibility and posi- 
tioning dissolving power, and use in a magnetic field or 
vacuum. 

[0032] Furthermore, the use of a self -oscillation driv- 
ing as in the invention would achieve drive-circuit size 
reduction and ultimately apparatus overall size reduc- 
tion and cost reduction It is possible to realize an ultra- 
sonic motor which stably causes self -oscillation without 
occurrence of abnormal oscillation, and further an ultra- 
sonic motor which improves reliability of an appliance 
mounting with the ultrasonic motor but is less in charac- 
teristic change. Furthermore, realized are an ultrasonic 
motor having high torque, and an electronic appliance 
to be driven by an ultrasonic motor to which the invention 
is applied. 

[0033] The aforegoing description has been given by 
way of example only and it will be appreciated by a per- 
son skilled in the art that modifications can be made 
without departing from the scope of the present inven- 
tion. 



Claims 

1. An ultrasonic motor (3) having a vibrator (6) having 
a piezoelectric element (7) to be vibrated to frac- 
tionally drive a moving member (8). the ultrasonic 
motor is characterised in that: 

the vibrator has a first resonant point (2), and 
a second resonant point (1 ) that is same in form 
as vibration mode to occur on the vibrator as 
the first resonant point but different in positk>n 
of a node, 

wherein the second resonant point is higher in 
resonant frequency than the first resonant 
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point. 

2. An ultrasonic motor according to claim 1, having a 
self-oscillator circuit configured by an amplifier cir- 
cuit (13), 5 

self -oscillation driving being made between a 
resonant frequency of the first resonant point and a 
resonant frequency of the second resonant point. 

3. An ultrasonic motor according to claim 1, wherein io 
the first resonant point has an admittance higher 
than an admittance at the second resonant point. 

4. An ultrasonic motor according to claim 1, wherein 
the first resonant point has an elect romechanic cou- i^ 
pling coefficient higher than electromechanical cou- 
pling coefficient at the second resonant point. 

5. An ultrasonic motor having a vibrator (6) having a 
piezoelectric element (7) to be vibrated to Iriclion- 
ally drive a moving member, the ultrasonic motor 
characterised in that: 

the moving member is fractionally driven by 
combining together two different modes occurred 
on the vibrator, and the vibrator being solf-oscilla- 2S 
tion driven at a resonant frequency higher than res- 
onant points where the two vibration modes are to 
be caused. 

6. An ultrasonic motor according to claim 5 wherein. 30 
of the resonant points to cause the two vibration 
modes, a vibration mode to occur at a resonant 
point (22) higher in frequency is a vibration mode to 
give displacement in a direction of contact pressure 

of the moving member and the vibrator. 3S 

7. An ultrasonic motor according to claim 5, wherein a 
difference between resonant f requencies at the res- 
onant points to cause the two vibration modes is 
smaller than a frequency difference (200) between 40 
a resonant point higher in frequency and an anti- 
resonant point thereof. 

8. An electronic appliance having an output mecha- 
nism for producing an output motion including, an ^5 
ultrasonic motor as claimed in any one of claims 1 

to 4 tor driving the output mechanism to produce 
the output motion. 

9. An electronic appliance having an output mecha- so 
nism for producing an output motion, including an 
ultrasonic motor as claimed in any one of claims 5 

to 7 for driving the output mechanism to produce 
the output motion. 
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